Lignans and Coumarins from the Roots of Anthriscus sylvestris and Their Increase of Caspase-3 Activity in HL-60 Cells
(hexane : acetone, 10 : 1) and RP-18 silica gel column (MeOH, 40%→80%; gradient) to give 8 (3 mg). Fr. ASH-4 (6.52 g) was subjected to chromatographed on a silica gel column (hexane : acetone, 4 : 1→2 : 1; gradient) and RP C-18 silica gel column (MeOH, 0%→80%; gradient) to yield 1 (9 mg), 2 (8 mg), 3 (150 mg), 4 (32 mg), 5 (7 mg), and 11 (830 mg).
The CHCl 3 -soluble fraction (37 g) was chromatographed on a silica gel column using hexane : EtOAc (8 : 1→1 : 1, gradient) to obtain 8 fractions (Fr. ASC-1-8). Compound 3 (6.7 g) was obtained by crystallization with MeOH from fraction ASC-6 kept overnight at room temperature. The mother liquid of Fr. ASC-6 (8.4 g) was subjected to column chromatography on a silica gel (hexane : EtOAc, 2 : 1) and on MPLC RP-18 (MeOH, 50%→100% in H 2 O) to obtain 6 (28 mg), 7 (4.8 mg), 9 (6.3 mg), and 10 (5.4 mg).
Sylvestrin (1) Cell Culture Human promyelocytic leukemia HL-60 cells were obtained from the American Type Culture Collection (ATCC). The cells were cultured in IMDM medium supplemented with 20% fetal bovine serum, 100 IU/ml penicillin and 100 mg/ml streptomycin. The cell culture was maintained at 37°C in a 5% CO 2 humidified incubator.
Cell Viability Cell viability was assessed by the standard MTT viability. Cells were seeded to a concentration of 5ϫ10 5 cells/ml, then compounds 1-11 were added to the suspension. After 24 h incubation (37°C), 10 ml MTT (5 mg/ml) was added to each well. After 4 h incubation (37°C) and 5 min centrifugation (3000 rpm), the resulting formazan precipitate was dissolved with 100 ml DMSO and the absorption was measured at 570 nm on a microplate reader (BIO-RAD, U.S.A.).
11) The growth inhibition was determined using; growth inhibitorϭ(control's ODϪsample's OD)/control's OD Assay of Caspase-3 Activity Caspase-3 enzyme activity was measured by proteolytic cleavage of the fluorogenic substrate Ac-DEVD-AFC by counting on a microplate fluorometer (Perkin-Elmer, LS50B, U.S.A.). After incubation with compounds 1-11 for 24 h, cells were harvested and washed once with cold PBS. The pellets were lysed using 15 ml of lysis buffer containing 10 mM EDTA, 0.5% Triton X-100, and 10 mM Tris-HCl (pH 8.0) at room temperature for 10 min, and then 100 ml of assay buffer (100 mM HEPES; pH 7.5, 10 mM dithiothreitol, 10% sucrose, 0.1% CHAPS, 0.1% BSA) and 10 ml of substrate solution (10 ml of 20 mM substrateϩ1000 ml assay buffer) were added on ice. Fluoroscene at 400 nm (excitation) and 505 nm (emission) was measured after incubation at 37°C for 1 h. 12) Control is 0.1% DMSOtreated cells.
DNA Fragmentation After incubation with compounds 3, 5, 6, 7, 11 (at 0.01, 1, 1, 1, 10 ml) for 24 h, HL-60 cells were harvested and washed with PBS. Apoptotic DNA was purified using an Apoptotic DNA Ladder Kit (Roche, Mannleim, Germany). Then cell pellets were lysed in 200 ml of lysis buffer (10 mM Tris-HCl; pH 8.0, 10 mM urea, 6 M guanidine-HCl, and 20% Triton X-100; pH 4.4) for 10 min. The lysate flowed to the filter and the filter was washed with 4 mM NaCl, 0.4 mM Tris-HCl (pH 7.5) and 80% EtOH. The DNA bound at the filter was eluted with 200 ml elution buffer (10 nM Tris-HCl, pH 8.5). The isolated DNA fragments were separated by 1% agarose gel containing 0.5 mg/ml of ethidium bromide and analyzed under an ultraviolet illuminator. 13) Negative control is 0.1% DMSO-treated cells and positive control treated with 0.5 mM campthothecin. 
RESULTS AND DISCUSSION
As part of the ongoing program of research in our laboratory to detect natural products through the increased activation of caspase-3, the activated properties of compounds from the roots of Anthriscus sylvestris HOFFM. (Umbelliferae) were investigated. Eleven compounds were isolated from the roots of A. sylvestris by using normal and reversed-phase silica gel column chromatography. The structures of isolated compounds were identified by comparison of their melting point, UV, NMR, and MS spectral data with those data in the literature for nemerosin (2), (Ϫ)-deoxypodophyllotoxin (3), (Ϫ)-deoxypodorhizone (4), angeloyl podophyllotoxin (5), deoxypicropodophyllin (6), picropodophyllotoxin (7), 5-methoxypsoralen (8), isoscopoletin (9), scopoletin (10), and falcarindiol (11) .
Sylvestrin (1) 14) Careful examination of the spectroscopic data revealed several differences between compound 1 and compound 2. The chemical shift of the olefin proton at H-6 of compound 1 was observed at d 6.64 (d, Jϭ1.8 Hz), while the corresponding resonance of the E-isomer of compound 2 appeared at d 7.53 due to the deshielding effect of the neighboring carbonyl group. 15, 16) Furthermore, the chemical shift of H-3 of compound 1 (d 3.42) was shifted to a higher field than that of compound 2 (d 3.86). From these data, the stereochemistry at H-6 of compound 1 was determined as Z-configuration, and this finding was supported by the comparison of its physical and spectral properties to those of gadain.
14) The optical rotation of compound 1 (ϩ21°, CHCl 3 , cϭ0.1) is opposite that of isochaihulactone (Ϫ29°, CHCl 3 , cϭ0.5) isolated from Bupleurum scorzonerifolium. 17) Therefore, the absolute configuration of C-3 of compound 1 opposite that of isochaihulactone and should be 3S. Consequently, the structure of compound 1 was elucidated as (3S,6Z)-2-(3Ј,4Ј,5Ј-trimethoxybenzylidene)-3-(3Љ,4Љ-methylenedioxybenzyl)-g-butyrolactone. This is the first time that sylvestrin was reported to be obtained from a natural source.
Compounds 1-11 were tested for their increasing activity of caspase-3 enzyme in human promyelocytic leukemia HL-60 cells (doubling time about 24 h) for 24 h. Activation of the caspase cascade appears to be a crucial event during the apoptotic process. In particular, caspase-3 activity is the common effector of most apoptotic pathways. Figure 2 shows the effects of compounds on caspase-3 activity. In this experiment, camptothecin (0.5 mM), a potent apoptosis-inducing agent, was used as a positive control. Compounds 3, 5, 6, 7, and 11 were found to increase caspase-3 activity at the concentrations of 0.001, 1, 1, 1, and 20 mM. Among the compounds tested, compound 3 increased caspase-3 activity the most potently, and was able to induce apoptosis at very low concentrations (1ϫ10
Ϫ5 ). Compounds 3, 5, 6, and 7 indicated that a cyclohexane ring of dibenzyl-gbutyrolactone lignan seems to significantly enhance caspase-3 activity. A DNA ladder pattern can be observed on agarose gel using electrophoresis. When apoptosis occurs, 180-200 bp of repeated DNA fragmentation can be observed due to endonuclease activity. Compounds 3, 5, 6, 7, and 11 were chosen for the DNA fragmentation experiment after reviewing the results of caspase-3 activity. As shown in Fig. 3 , typical ladders of DNA fragmentation were shown in columns treated with compound 5, 7, and 8 at 1 mM and compound 3 at 0.01 mM. In contrast, compound 11 did not reveal a DNA ladder pattern at 10 mM.
In summary, the results of the present study demonstrated that falcarindiol (11), (Ϫ)-deoxypodophyllotoxin (3), angeloyl podophyllotoxin (5), deoxypicropodophyllin (6) , and picropodophyllotoxin (7) have an apoptosis-inducing effect in HL-60 cells as determined by caspase-3 activation and DNA fragmentation.
